Two-experiments were conducted at Sakha Experimental Farm of Sakha Agricultural Research station, Kaferelsheikh, Egypt during 2016 and 2017 rice growing seasons. The objective of this investigation was to study the effect of three Male(P):Female(S) rows ratio (2P:6S, 2P:8S and 2P:10S) and two pollen directions of the pollen parental line (P), one direction and two directions on out-crossing rate for Japonica hybrid rice seed production. Japonica hybrid produce through crossed between one Thermo-sensitive Genic Male Sterile (TGMS) line (TG-60-6) as a female line (S) with Sakha105 which used as a male pollinator line (P). A split-plot design with three replications was used. The main plots were dedicated to rows ratio whereas direction of the pollen parental line was arranged within the sub plots. The results notify that the better row ratio was 2P:6S gave the best seed yield hill-1 (25.00 and 27.38 g) in 2016 and 2017 seasons respectively. For direction of the pollen parental line, the best F1 seed yield hill -1 (25.89 and 27.45 g) were obtained once planted the spore parental line in two directions during 2016 and 2017 seasons, respectively. The interaction between row ratio and direction of the pollen parental line was highly significant for panicle weight (g), seed set (%), number of fertile panicles hill-1, harvest index (%), and seed yield hill-1, but not significant for plant height (cm) and panicle length (cm) during 2016 and 2017 seasons. The results notify the importance of optimum row ratio and direction planted of pollen parental line for increasing the out-crossing rate in Japonica hybrid seed
Introduction
Hybrid rice is the commercial rice seed which produced from a cross between two genetically dissimilar parental lines and grow as F1 seed. Threeline hybrids have the potential of yielding 15-20% more than the best inbred variety grown under similar conditions (Virmani et al, 1997) . In 1995, Yuan Long Ping declared utilization of two-line hybrid rice has basically succeeded since then many new two line hybrid combinations have been developed, released and used on large scale commercial production in china. Two-line hybrid rice generally has 5-10 % yield advantage over the three-line hybrid rice combinations (Jiming and Long Ping, 2007) . Produce of Japonica hybrid rice depend on Environmental Genic Male Sterility (EGMS) phenomenon. The EGMS is composed of two major types; Photo-sensitive Genic Male Sterility (PGMS) which is responsive to variations in day length, and Thermo-Sensitive Genic Male Sterility (TGMS) which is caused by temperature. A Fertility/Sterility Alternation of TGMS line is induced mainly by temperature. The existing TGMS lines become completely male sterile under higher temperature. TGMS trait is governed by major genes, thus enabling their easy transfer to any genetic background, no need for restorer genes in the male parents of two-line hybrids, this system is ideal for developing Japonica hybrids because most Japonica lines doesn't possess restorer genes (Mou-Tong et al., 2003) .
The discovery of Environmental Genic Male Sterility (EGMS) was help rice breeder to produce of simple two-line Japonica hybrid rice. Compared with the three-line system, the two-line system (EGMS) has many advantages such as no need to a maintainer line for seed multiplication, thus making seed production simpler and more cost-effective. Maintaining grain self-sufficiency in Egypt has become hard mission for most reasons such as the population grows, water shortage and arable land shrinks, so the pressure on Egyptian food security is severe increasing. In general, there are two ways to increase the grain yield output of rice; expanding planting areas and increasing grain yield per unit area. However, expanding the planting area for rice in Egypt is not available due to water restrictions and strong competition from other crops. Therefore, the only one way to increase rice production is increasing rice grain yield. We can increase rice grain yield from unit area through produce high yield Japonica hybrids coupled with good grain quality (Zaman et al., 2002) that is minor goal from this investigation, and then increase the income of Egyptian farmers and the improvement of the Egyptian economy, which is the major goal from this study.
Material and Methods
The experimental materials were include one Thermo-sensitive Genic Male Sterile (TGMS) line (TG-60-6) developed in Egypt which was used as female line (S) and Sakha105 as pollen parent (P). The female TGMS line TG-60-6 was produced from hybridization between one reverse Thermo-sensitive Genic Male Sterile Line M.J5460s (china) with Sakha106 (Egypt) followed by pedigree selection methods in segregation generation from F2 to F6 into stability. This line was evaluated under different sowing dates to select best sowing date to induce complete sterility which used to produce Japonica hybrid rice in seed production program. Experimental materials, parentage origin and grain type were shown in Table 1 . A split-plot design in RCBD arrangements with three replications was used. The main plots were devoted to the pollen parental line (P) to the TGMS line (S) row ratio (2P:6S, 2P:8S and 2P:10S) and direction of pollen parental line (one direction and two direction) were arranged in the sub plots with size 12.5 m 2 (2.5 x 5m) for each sub plot. The experiment border and each sub plot were isolated by a 2.5 meter height plastic insulation such are shown in figure 1.
Spacing: between pollen parental line `P' rows: 30 cm, between TGMS line `S' rows: 15 cm, between `P' & `S' line blocks: 20-30 cm and between hills (`S' & `P' lines): 15 cm Thermo-sensitive Genic Male Sterile (TGMS) line (TG-60-6) sown on May 3 rd and pollen parent Sakha 105 was sown at three different sowing date (April 22 th , April 25 th and April 28 th ) to get a proper synchronization of flowering depend on days from planted to start flowering for both parental female and male lines. (TGMS) line (TG-60-6) earlier six days than pollen parent Sakha 105 which were 90 and 96 days for TG-60-6 and Sakha105, respectively. TG-60-6 was start flowering at August 2 nd and continuous receipt pollen during 7 th days. While, every sowing date form Sakha105 as pollen parental line supply the female line with pollen grain during 5 days as shown in Days old seedlings of both P and S lines were transplanted by 3-4 and 2 seedlings per hill, respectively. The row spacing maintained for P-P, P-S, and S-S lines were 20, 30, and 15 cm, respectively. Hill spacing for both P and S lines were maintained at 15 cm. Experiment grown under Isolation for hybrid seed production. Rice seeds at the seeding rate of 20 kg/ha (15 kg from TGMS line (TG-60-6) and 5 Kg from the parental line Sakha105 were soaked in a fresh water for 24 hours, then drained and incubated for 48 hours to hasten early germination.
The nursery seedbed was well ploughed and dry leveled. Phosphorous fertilizer was added in the form of single super phosphate (15.5% P2O5) at the rate of 240 kg/ha before tillage. Nitrogen in the form of urea (46% N) at the rate of 145 kg/ha was added at the rate of (95 kg /ha as basal dressing, and the second 50 kg/ha at panicle initiation. Zinc sulphate 22 % ZnSO4 at the rate of 50 kg /ha was added after puddling and before planting. Data were collected for; plant height (cm), panicle length (cm), No of fertile panicles/hill, panicle weight (g), seed set (%), harvest index (%) and seed yield hill -1 (g). The crop was harvested when 80 % of the grains became golden yellow in color. Grains were sun dried and adjusted at 14% moisture content to estimate grain yield. Harvest index (HI %) percentage was estimated according to the following formula:
Seed set percentage was calculated according to the following formula
The data were collected according to Standard Evaluation System of IRRI (2013) for all the studied characters. All cultural practices were practiced as recommended for hybrid rice seed production package. The data were analyzed following the ANOVA analysis and the mean differences were compared by the Duncan's Multiple Range Test Duncan (1956). Using a statistical computer package COSTAT (Gomez and Gomez, 1984) .
Data of climate and weather conditions at the Farm of Sakha Agricultural Research Station, ARC, Egypt were recorded during two growing seasons 2016 and 2017 from 10 th May to 30 th Sep., Meteorological data regarding every ten days and the monthly means of wind velocity km/24 hr., relative humidity (R.H. %) and air temperature ( o c) are shown in Table 2 . Especially, air temperature data must be considered because it is important factor to induce sterility of female line (TG-60-6) as Thermo-sensitive Genic Male Sterility (TGMS). TGMS lines were complete sterility in air temperature more than 32 o c as maximum air temperature. Minimum of four continuous weeks with stable high temperature (>32/24 o c day/night) for safe hybrid seed production.
Microscopic analysis for the TG-60-6 Line as female line and pollen parental line Sakha105. Pollen examination was made on five randomly plants from each replication to insure sterility in TG-60-6 and Sakha 105. Five spikelet's were collected from each main panicle and fixed in 70 % alcohol. From these spikelet's 6 anthers were collected and smeared in iodine potassium iodide (IKI) solution (1%) and examined under light microscope (40x10). All the unstained pollens were considered as sterile and the stained ones as fertile (Virmani et al, 1997) . Bagging of five TG-60-6 plants from each sub plot by rate thirty plants from each replication and estimated seed set in these plants to judge in sterility of TG-60-6 line. 
Studies on

Results and Discussion
Above all, it is necessary to clarify important of spikelet's bagging and pollen examination to safe hybrid rice seed production. To be sure the seed set in the female line were hybrid seed and not resulted from self-pollination. Bagging of plants indicated that, no seed set % at bagging female line TG-60-6. Pollen examination revealed that, complete sterility for TG-60-6 as female line comparing with complete fertility for Sakha105 as pollen parent line as shown in figure3.
Effect of pollen parent Sakha 105 of the female TGMS rows ratio and direction of the male parent as well as their interaction on plant height, panicle length, panicle weight and number of fertile panicles hill -1 characters are given in (Table 3) . 
Pollen parental line to the TGMS row ratio effect
The effect of the pollen parental line to TGMS row ratio was not significant for plant height and panicle length during 2016 and 2017 seasons. While, gave highly significant effect for panicle weight and number of fertile panicle hill -1 , the parental line to TGMS ratio 2P:6S produced the heaviest panicles (1.82 and 2.02 g) and (16.54 and 17.03 /hill) for fertile panicles hill -1 during both seasons, respectively. By contrast, the male parent Sakha 105 to TGMS row ratio 2P:10S produced the lowest panicles (1.58 and 
Direction of the pollen parental line effect
Direction of the pollen parent Sakha 105 was not significant for the characters, plant height and panicle length. While, was highly significant effect for panicle weight and fertile panicles hill -1 as shown in Table 3 . Two direction parent Sakha 105 produced the heaviest panicles (1.93 and 2.05 g) and (16.09 and 16.87) for fertile panicles hill -1 during 2016 and 2017 seasons, respectively. On the other hand, one rows direction of pollen parent Sakha 105 produced the least panicle weight (1.84 and 1.60 g) and gave (15.29 and 14.95 hill -1 ) for fertile panicles hill -1 in 2016 and 2017 seasons, respectively. The results are in agreement with those reported by Huang et al (1998) and Zhu et al (1998) .
Interaction effect
The interaction between pollen parent Sakha 105 for TGMS rows ratio and direction of pollen parent Sakha 105 has highly significant for panicle weight and fertile panicles hill -1 in 2016 and 2017 seasons, respectively. While, was not significant for the characters of plant height and panicle length in both seasons. The results in Table 4 showed that the interaction between pollen parent Sakha 105 and TGMS rows ratio and direction of pollen parent Sakha 105 has highly significant effect on panicle weight and fertile panicles hill -1 in both seasons 2016 and 2017, respectively. The pollen parent with TGMS ratio 2P:6S and two direction of pollen parental Sakha 105 gave the highest values of 2.15 and 2.22 g for panicle weight and gave 17.90 and 17.80 for fertile panicles hill -1 in 2016 and 2017 seasons, respectively. While, male parent Sakha 105 with TGMS rows ratio 2P:10S with one direction parent lines produced the lowest values of 1.40 and 1.47 g for panicle weight and (14.87 and 14.00/hill) for number of fertile panicles/hill during both seasons, respectively. Similar results were also found by Prabagaran and Ponnuswamy (1997) and Kumar and Nautiyal (2016) . 
Pollen Parent Sakha 105 with TGMS line rows ratio effect
The effect of Parent Sakha 105 to TGMS ratio has highly significant effect on the characters of seed set percentage, harvest index and seed yield were showed in ** ** ** ** ** ** ** Highly significant at the 1% level of probability.
Interaction effect
The interaction between pollen parent Sakha 105 to TGMS rows ratio and direction of the parental line was highly significant for seed set, harvest index and seed yield during 2016 and 2017 seasons, respectively. The results in Table 6 showed that the interaction between pollen parental line to the TGMS row ratio and direction of pollen parental line has highly significant effect on seed set, harvest index and seed yield in both seasons. The pollen parent line to TGMS row ratio 2P:6S with two direction pollen 
